The ability of the WRF atmospheric model to forecast wind speed over the Nysted wind park was investigated as a function of time. It was found that in the time period we considered (August 1-19, 2008), the model is able to predict wind speeds reasonably accurately for 48 hours ahead, but that its forecast skill deteriorates rapidly after 48 hours. In addition, a preliminary analysis was carried out to investigate the impact of vertical grid resolution on the forecast skill. Our preliminary finding is that increasing vertical grid resolution does not have a significant impact on the forecast skill of the WRF model over Nysted wind park during the period we considered. Additional simulations during this period, as well as during other time periods, will be run in order to validate the results presented here.
INTRODUCTION
Wind speed is a difficult parameter to forecast due the interaction of large and small length scale forcing. To accurately forecast the wind speed at a given location, the model must correctly forecast the movement and strength of synoptic systems, as well as the local influence of topography / land use on the wind speed.
For example, small deviations in the forecast track or strength of a large-scale low pressure system can result in significant forecast errors for local wind speeds.
The purpose of this study is to provide a preliminary baseline of a highresolution limited area model forecast performance against observations from the Nysted wind park. Validating the numerical weather prediction model performance for past forecasts will give a reasonable measure of expected forecast skill over the Nysted wind park. Also, since the Nysted Wind Park is over water and some distance from the influence of terrain, the impact of high vertical grid spacing for wind speed forecast skill will also be investigated.
MODEL DESCRIPTION
The non-hydrostatic Weather Research and Forecast (WRF) atmospheric model was used in this study. WRF is a community-supported model suitable for applications on scales from meters to thousands of kilometers. The WRF model uses several physics schemes to parameterize sub-grid scale phenomena, such as mixing in the planetary boundary layer and sub-surface heat and moisture fluxes.
WRF is used widely among atmospheric science researchers, as well as in the private sector for operational weather forecasting. One significant advantage of running WRF is the ability to run a simulation on multiple processors, making finer resolution forecasts in real time a possibility.
Initial and boundary conditions for the WRF simulations for this study were provided by the Global Forecast System (GFS) model. GFS input data are available at 0.5 degree resolution on 27 standard pressure levels. Forecast boundary Due to the large computational demand of running WRF at both high horizontal and vertical resolution, the WRF validation simulations were run with a single physics configuration producing a deterministic forecast. The physics schemes used for the simulations are provided in Table 2 .
Siemens Wind Energy Forecasting

LLNL-TR-426095 7 of 18 3 DISCUSSION OF RESULTS
Forecast winds are compared with observations from meteorology tower 84 at the Nysted wind farm. Wind speed observations at the Nysted wind park are available at 10-minute intervals. The wind speed observation at the top of the hour was used for comparison with hourly WRF wind speed forecasts.
Tower 84 is located 5 km east of the nearest row of wind turbines, as shown in Figure 2 . A previous study (Christiansen and Hasager, 2005) has shown that there may be pronounced wake effects at this distance. While ideally a tower with minimal or no wake effects should be used in such a study, all the other towers, with the exception of towers 83, were found to have faulty wind direction values.
Moreover, tower 83 would experience even greater wake effects than tower 84, so tower 84 was the best available source of wind speed data. As a result, due to the likely presence of the wake effects in the data that were used, the model forecast error presented in this report is probably larger than the actual error. A subsequent forecast skill report will account for wake effects by using multiple towers if sufficient wind direction data are available. Another option will be to remove tower 84 observations from the validation statistics when the wind direction is from the region of the turbine array. Since this does not occur at the beginning of 12-hour cycles, this is probably not due to the cold start effect. As the number of simulation runs was relatively small (33), this effect may be due simply to a random chance. We plan to run more simulations The performance of the WRF forecasts relative to the actual observations can also be visualized using scatter plots of observed wind speeds at Nysted met tower 84 versus predicted values. These are shown in Figure 6 , separately for days 1, 2 and 3. As can be seen from the plots, a high degree of association between observed and predicted wind speeds is seen on forecast day 1. This means that WRF is able to predict wind speed trends extremely well during the first 24 hours of the forecast.
The correlation coefficient between the forecast and observed data on day 1 is 0.87.
On day 2, the degree of association between the forecasts and the observed values decreases, as seen from the scatter plot in Figure 6 , as well as a lower correlation coefficient of 0.79, but WRF is still able to predict wind speed trends during day 2 to a large degree. Between day 2 and day 3, however, there is a large drop in the degree of association between the forecasts and observed values, as seen from the scatter plot and a much lower correlation coefficient of 0.68. The deterioration in the predictive ability of the model with each day can also be seen by comparing the least-squares fit (solid black line) to the perfect prediction line (red dashed line):
the two get further and further apart each day. The correlation as a function of forecast hour is shown in Figure 7 . The plot exhibits a general downward trend as a function of time, with the decrease becoming even more drastic after 48 hours. It should be noted that the correlation captures the degree of a linear association between two variables and is thus not a useful measure if the relationship is not linear. However, the scatter plots in Figure   6 show no evidence of a non-linear relationship.
The scatter plots and the correlation analysis suggests that the WRF model's predictive skill deteriorates significantly after 48 hours. This is due to the expanding uncertainty of large scale flow. It is hoped that the predictive power of Table 3) .
This finding would almost certainly not be true for a wind park over land, especially in a mountainous region since terrain-induced turbulence would play a much larger role in momentum transport over land than over water. Additional simulations will be made to further investigate this finding. The results presented in this paper provide a preliminary assessment of WRF forecast skill over the Nysted Wind Park. Additional forecasts will be made to increase the forecast data set to improve the confidence in the statistics. Simulations will also be made during cold / warm months to account for any possible seasonal bias. Once the framework for the WRF ensemble has been established, simulations will be run with the ensemble to quantify the expected increase in forecast skill. 
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